Chronic eosinophilic leukemia (CEL) is a rare disorder that is characterized by hypereosinophilia with increased number of blood or marrow blasts (>5% and <20%). CEL is distinguished from hypereosinophilic syndrome (HES) by the presence of eosinophilic clonality. Chronic eosinophilic leukemia not otherwise specified (CEL-NOS) diagnosis is made when no fusion genes are detected by most modern molecular testing, particularly the most common fusion gene FIP1L-1/PDGFRA (Factor Interacting with PAP like-1/Platelet-Derived Growth Factor Receptor Alpha). This disease is very rare, and its description in the literature is not well characterized. We report a fetal case of severe CEL-NOS in a 19-year-old male who presented with a plethora of clinical features consists of constitutional symptoms, pancytopenia, intravascular thrombosis, acute stroke and endomyocardial infiltrates. The course of his disease was aggressive and resistant to conventional treatment. After a short period of improvement, an acute transformation into blast crisis (BC) had occurred. The diagnosis was confirmed by morphology and immunophenotyping of bone marrow biopsy. The patient eventually died of heart failure and sepsis. To our knowledge this is the first case report of fatal CEL-NOS transforming into severe blast crisis.
Introduction
Eosinophils are immune cells that are involved in many vital functions. They are formed exclusively in the bone marrow (BM) where they spend about 8 days in the process of maturation before moving into the blood vessels. They travel through the vessels for 8 to 12 hours before they finally arrive at tissues of destination. In the tissues, they remain for 1 to 2 weeks [1] .
The number of eosinophils in the blood is determined by the hemostasis between the production in the BM and the elimination by tissue migration and apoptosis [2] .
The normal upper limit of eosinophils count in the peripheral blood (PB) is 3% -5%, with a corresponding absolute eosinophil count (AEC) of 350 -500/ mm [3] . Normal values for BM eosinophils commonly range between 1% and 6% [3] [4] .
Eosinophilic functions are many, and involve movement to inflamed areas, trapping substances, killing cells, anti-parasitic and bactericidal activity, participating in immediate allergic reactions, and modulating inflammatory responses [5] [6] .
In their granules, eosinophils store a number of biologically active molecules, such as eosinophil peroxidase, eosinophil cationic proteins, and numerous cytokines [7] .
Upon activation, eosinophils release their mediators and influence tissue homeostasis and integrity. In addition to their functions mentioned above, eosinophils could lead to profound changes in their microenvironment, often with resultant fibrosis, thrombosis, and severe organ damage.
In patients with persistent activation, tissue specimens might show marked deposition of eosinophil granule proteins, even in the absence of massive eosinophils infiltration.
Conditions such as Loffler's disease, eosinophilic gastroenteritis, inflammatory bowel disease, acute eosinophilic pneumonia, and eosinophilic-myalgia syndrome are currently attributed to the direct toxicity of persistently activated eosinophils and their toxic granules contents.
A careful diagnostic work-up is needed for accurate classification of hypereosinophilia (HE). Precise classification is the mainstay of appropriate therapy. In addition to regular quantitative measurements of the blood cells in the PB, smears should be screened for monocytosis, cellular dysplastic features, indicators of myelofibrosis (e.g. dacrocytes, erythroid and myeloid precursors) and blasts. BM aspiration and biopsy are mandatory for histology and cytogenetic studies.
Screening for cytogenetically fusion genes such as BCL-ABL (Breakpoint Cluster region-Abelson, or Philadelphia chromosome), and FIP1L1-PDGFRA/B should be performed at an early stage for therapy modification and prognosis purposes.
Two different screening methods have been used, namely reverse transcriptase polymerase chain reaction (RT-PCR) and fluorescence in situ hybridization (FISH) [8] [9] . The relative frequency of FIP1L1-PDGFRA fusion is markedly variable in reported series, ranging between 3% and 56% in patient with HE.
In this report, we are describing a case of a patient who suffered from severe HE with evidence of multiple organ damage due to eosinophils infiltration, particularly in the heart. With the results of molecular studies; the final diagnosis was chronic eosinophilic leukemia not otherwise specified (CEL-NOS). The outcome was dire as the case was resistant to all treatments, and eventually turned into blast crisis which led to patient's death.
Reviewing the literature, we found no registry for a large group of such patients followed for a long period of time. With such rare diseases, case reports might be the only source of knowledge physicians could have. CEL-NOS is a rare disease, and its rate of acute transformation into acute leukemia or into blast crisis (BC) is unknown. Sharing such knowledge about the dominant clinical and hematological features would provide better understanding of the course of this disease and its prognostic risk factors. We reviewed the relevant literature and found that this case represents the first fatal CEL-NOS turning into BC. Patient was admitted and started on IV anticoagulation, IV diuretics, and O 2 supplement. The initial impression was severe hypereosinophilic syndrome (HES). IV pulse steroids (equivalent to 1 mg/kg of prednisone), and oral Hydroxyurea (1000 mg daily) were initiated. Labs on admission are shown in Table 1 (column one: on admission). Shortly after admission, his mental status deteri- No cytogenetic abnormalities were detected by conventional karyotyping.
Case Report
FISH testing was negative for BCR/ABL, FIP1-L1/PDGFRA, and PDGFRB fusion genes. At that point, and correlating with the most recent 2008 WHO classification for myeloid disorders [10] , the case was reclassified aschronic eosinophilic leukemia none otherwise specified (CEL-NOS).
Patient was kept on prednisone 60 mg, 1000 mg of hydroxyurea, anticoagulation and imatinib. Through the following two weeks in the hospital, he began to feel better and showed good hematological recovery with decreasing eosinophilsto 8% (Table 1: column two: labs 2 weeks on therapy). Repeated BM aspirate showed blast cells to be less than 2%. Deletion and RPN1/MECOM Translocation (3; 3) or inv (3). JAK-2V617F mutation was not detected. Since all tests were negative, transformation into acute blast crisis (BC) was confirmed.
As most patients with chronic myeloid leukemia (like CEL) eventually develop a blast phasein distinguishable from AML [11] , the patient received AML standard induction chemotherapy (cytarabine and daunorubicin). However, once AML was ruled out, chemotherapy was discontinued. Imatinib, however, was continued at a higher dose of 800 mg daily (patient received imatinib for total of 8 weeks).
Despite all of the above; the WBC continued to rise with severe HE. Eventually, the patient developed severe nosocomial pneumonia, sepsis, and with multiorgan failure. He passed away after three months of hospitalization.
Discussion
Eosinophilia is commonly observed in a wide range of disparate non-clonal and clonal disorders. Based on 2008 World Health Organization (WHO) classification [10] , HE is defined when PB eosinophils are higher than 500/mm 3 on two different occasions 4 weeks apart. The term hypereosinophilic syndrome (HES)
describes HE with evidence of organ dysfunction. Organ damage can be detected by findings such as hepatosplenomegaly, infiltrative heart failure, and pancytopenia. In our case report, the condition was initially classified as severe HES awaiting cytological and molecular studies.
HES is predominantly a disease of men (male-female ratio, 9:1), and is usually diagnosed between the ages of 20 and 50 years. In one series of 50 patients, the mean age at onset was 33 years and the mean duration of disease was 4.8 years [12] . The median survival was 9 months, and the 3-year survival was only 12%.
These patients generally had advanced disease, with congestive heart failure accounting for 65% of the identified causes of death at autopsy. In addition to the development of cardiac disease, PB blasts or a WBC count more than 100 × 10 3 /mm 3 were associated with a poor prognosis.
A later report of 40 HES patients observed, a 5-year survival rate was 80%, decreasing to 42% at 15 years [13] . In this cohort, poor prognostic factors included the presence of a concurrent myeloproliferative syndrome, lack of response to corticosteroids, existence of cardiac disease, male sex, and the height of eosinophilia. It is clear that most of these risk factors for poor prognosis are found in our case.
If clonality is detected by genetic and molecular testing, then eosinophilic myeloid proliferative (Eos-MPD) disorder is being diagnosed. Among the cases of Eos-MPD, chronic eosinophilic leukemia (CEL) has its own diagnostic criteria [14] .
CELis a rare disorder with persistent hypereosinophilia, evidence of organ dysfunction, and an increased number of blood or marrow blasts (>5% and <20%). With the presence of 12 % blasts in the BM, our case was appropriately reclassified as severe CEL.
There have been many genetic abnormalities linked to CEL, the most common of which is fusion gene FILP1-L1/PDGFRA on chromosome 4. This gene is found in almost 10% of all CEL cases [15] . The resultant chimeric gene leads to production of a chimeric tyrosine kinase that is constitutively active. Persistent activation of tyrosine kinase protein causes unregulated growth and proliferation of eosinophils. The result is tissue damage and organ dysfunction. With improving in modern molecular pathogenesis, more chromosomal abnormalities have been found [15] .
Chronic eosinophilic leukemia-not otherwise specified (CEL-NOS) is also a rare disease. It is defined as Philadelphia-negative myeloproliferative neoplasm, which is due to clonal proliferation of eosinophil precursors. 2008 WHO criteria for myeloproliferative disorders, defined CEL-NOS as CEL that lacks the presence of any fusion genes abnormalities [15] . All other myeloproliferative neoplasms should also be excluded (e.g. Polycythemia Vera, Systemic Mastocytosis, and Essential Thrombosis). In this category,eosinophils in PB should be >1.5 × 10 3 /mm 3 , and blasts in blood or marrow should be >5% and <20%. In the new WHO classification, CEL-NOS is listed in the category of myeloproliferative neoplasms [15] [16], whereas it was incorporated under the heading of myeloproliferative forms of hypereosinophilic syndromes according to the classification of the Eosinophilic Working Group [17] . Regardless of the classification used, CEL-NOS remains an extremely rare entity with variable prognosis [15] [18] . Given the above criteria, our reported case was appropriately reclassified as CEL-NOS.
Due to the rarity of the CEL-NOS, survival rate is not truly known. Mortality is related to the aggressiveness of the disease and to the burden of the tissue eosinophilic infiltration. Mortality is also related to the acute transformation into acute leukemia. In a recently reported cohort of 10 patients with CEL-NOS [19] , the median survival was 22.2 months. 5 of the 10 patients developed acute transformation (AT) after a median of 20 months from diagnosis of CEL-NOS. In that study, four patients developed AML-M4, one patient developed AML-M5, and one patient had T-cell lymphoblastic leukemia/lymphoma. In that study, most patients were predominantly male. Splenomegaly was the most frequent clinical manifestation.
CEL with gene abnormalities has been reported to have good response to tyrosine kinase inhibitor (imatinib) [20] . However, cases of CEL-NOS (where there are no detected gene anomalies) do not respond to tyrosine inhibitors.
Some reports showed transient hematological recovery, but this response was limited, short lived, and it was thought to be drug-related myelosuppressive effect [20] .
In the described case, the patient received 400 mg daily imatinib within three days of admission with no delay. While waiting for the fusion gene FIP1L-1/ PDGFR/A result, it is recommended by the 2015-WHO recommendation to initiate imatinib therapy [21] . In cases of clonal HE, a trial of imatinib treatment is also recommended even in patients with no genes anomalies if there is evidence of organ dysfunction. There might be some cryptic molecular abnormalities that might respond to therapy but they are yet to be detected by future improvement in molecular testing methods. In our case the patient did respond initially to imatinib, however, the response lasted only for 2 -3 weeks. Upon transforming into BC the dose was increased to 800 mg daily. Unfortunately, there was no good response, neither was there a response to AML standard induction chemotherapy (no maintenance therapy was given as AML was ruled out).
Most patients with chronic myeloid leukemia-a myeloproliferative disordereventually develop a blast phase indistinguishable from AML [12] . However, extensive cytogenetic testingin our patient failed to demonstrate any evidence for such transformation.
Blast crisis (BC) is the major remaining challenge in the management of chronic myeloid leukemia, and CEL is not an exception [22] . However, BC is usually associated with genetic abnormities.
Based on the recent World Health Organization, blast crisis is defined if BM blastsare more than 20% in analogy to the definition of acute myeloid leukemia (AML) [10] . In the reported case, there was a sudden increase in PB blasts (17%) and BM blasts (25%). With negative AML and MDS panels, the diagnosis of BC transformation was made. It is the first report that describes fatal BC transformation of CEL-NOS in the literature.
Several features have been associated with an unfavorable prognosis during BC, such as clonal evolution, more than 50% blast cells, high platelet counts, short duration of the chronic phase, unsatisfactory response to initial therapy during the chronic phase, and extra-medullary disease [22] .
Conclusion
We are reporting a first documented fatal case of severe CEL-NOS that trans-formed into blast crisis in a 19-year-old Caucasian male. The disease was aggressive since the presentation. Risk factors for such transformation would be: young age, cardiac involvement, high eosinophils count, negative molecular abnormalities, early transformation into blast crisis, and blasts count more than 25% in the BM. In order to keep the leukemia in its chronic phase, patients with similar features should be treated with tyrosine kinase inhibitor as early as possible.
